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^\ (57) Abstract: A copper base alloy, characterized in that it comprises an added metal which forms an alloy or an intermetallic 
5^ compound with Bi, Pb and a substance formed by the binding of Bi and Pb, and exhibits improved mechanical properties, in particular 

tensile strength, at a high temperature due to the incorporation of the added metal, wherein the added metal is preferably one or more 

metals selected from the group consisting of Te, P, Zr, Ti, Co, In, Ca, B and mish metal. The formation of an alloy or an intermetallic 
JSj compound of the added metal with Bi, Pb and a substance formed by the binding of Bi and Pb in the structure of the copper alloy 

results in the improvement of the tensile strength at a high temperature, which leads to the preparation of a Pb-substantially free 

copper alloy having mechanical properties being further near to those of CAC406. 
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4.05 


1.37 


0. 18 


0.057 


253 


0. 21 



<Dffi%z&&5 RX*$&1 m^TFlTo w©3e*^e>TeS:0. 04 
0. 1 0. 16li%, 0. 5 011%, 0. 9 9 

m*%^ 1. 4 8li%Mt5ii:ia^ 10 0tttt8?17 5 
. 7 N/mm 2 t Jt^UT N Zrfl^tl 198. 3N/mm 2 , 210. 1 
N/mm 2 N 218. ON/mm 2 , 215. gN/min 2 , 2 0 2. 3 
N/mm 2 N 19 7. 7 N/mm 2 t B\1fc3&£.&fa± bT*5 <9 N 1 5 0 °C 

V^-C fc^Sp 15 5. 4 N/mm 2 i Jttfc-fS ^ * ^fl^fh 168. 
ON/mm 2 , 185. SN/mm 2 , 2 0 9. 7N/mm 2 \ 2 0 8. 
5N/mm 2 N 195. lN/mm 2 , 194. 8 N/mm 2 t 51 3S3£fi£ 

£ Ufc e m 5 S.tJ<SI 1 HH:*ti 0 S-x TeO. 1 6ii 0 /olCfe^^T, 
* 5 
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/ML fx. 


N/mm 2 


No. 1 


M(22°C) 


226.4 


100°C 


175.7 ! 


150°C 


155.4 


No. 2 


M)S(22 0 C) 


228.0 


100°C 


198.3 


150°C 


168.0 


No. 3 




230.2 


100°C 


210. 1 


150°C 


185.5 


No. 4 


^S(22°C) 


225.5 


100°C 


218.6 


150°C 


209.7 


No. 5 


M^(22°C) 


220.2 


100°C 


215.9 


150°C 


208.5 


No. 6 


M;S(22°c) 


204.2 


100°C 


202.3 


150°C 


195.1 


No. 7 




200. 1 


100°C 


197.7 


150°C 


194.8 



f*@*2 ©^1^6X1/1 2|UK:^-t- 0 &*3> Se = 0, 0. 2li 

%, o. 4li% N o. 6MA%, l. 2m4%fi^-f tu^mWtt-efc 

5 0 ro^i^f), S e = 0©t§^ Te£0, 0. 0 6 11%, 0. 
1 0. 1 4m*%^^^*fcl*JjS|-N o . 8, 13, 18, 2 

3^*dV^-C, 3l3S3£^te, -^^10 4. 7 N/mm 2 , 10 9. 1 
N/mm 2 , 118. 9 N/mm 2 , 12 4. 6 N/mm 2 £ 31 SS^^S 
^^FlBl-LUfCo Se = 0. 2 TeSrO, 0. 0 6li%, 0. 

1 0li% % 0. 1 4MA%^m^^:tcm,n^ o . 9, 14, 19, 2 
4 ^*5V>T, 3I5S3&£«:, ^tl^tll 5 0 . ON/mm 2 , 15 0. 7 
N/mm 2 , 161. 8N/mm 2 , 167. 3 N/mm 2 £ S e = 0 <D 
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9 3\^mm&fa±V1t 0 ^iCSe = 0. 4<Db%, Te£0, 
0.. 0 411%, 0. 1 2^*%, 0. 1 5 2*%^^ £-£fcliWN o 
. 10, 1 5, 20, 25 fc&V^T, ^tb^tb 14 6. 7 

N/mm 2 , 148. 2N/mm 2 , 185. 5N/mm 2 , 2 0 4. 7 
N/mm 2 Tfe!) N Se = 0. BOi^.TelO, 0. 05114%, 

0. 10 11%, 0. 1 7li%^f ^tfc^No. 11, 16, 2 

1, 2 6fcl*^Tte, ^rtl^etb 1 5 9 . 6N/mm 2 , 15 6. 4N/ 
mm 2 , 188. ON/mm 2 , 2 0 4. 4N/mm 2 Tfe!), Se=l 

. 2<D£#, Te&O, 0. 0 6 11% 0. llj|i%, 0. 15fi 
*%^-^$^Tfc^;5|SfN o . 1 2 , 1 7 , 2 2, 2 7fc&^Xfe s ^tl^ 
tl 1 6 3 . 5N/mm 2 , 176. 6N,/mm 2 , 201. 2N/mm 2 
,215. 3N/mm 2 -efc«9, T e tf>^^r*£>if .tJP t^l^V^^I 
f^jJbLfCo ^(D^bfe, T e S e ^^^*^lti- ^ t \Z. 

^6 
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un \ 


3 ISM 
N/mra 2 


No. 8 


104.7 


No. 9 


150.0 


No. 10 


146.7 


No. 11 


159.6 


No. 12 


163.5 


No. 13 


109. 1 


No. 14 


150.7 


No. 15 


148.2 


No. 16 


156.4 


No. 17 


176.6 


No. 18 


118.9 


No. 19 


161.8 


No. 20 


185.5 


No. 21 


188.0 


No. 22 


201.2 


No. 23 


124. 6 


No. 24 


167.3 


No. 25 


204.7 


No. 26 


204.4 


No. 27 


215.3 



Hfelts I2 0|l^tipi^ SeSrO. 2 t5 ^ kfc 

xm 5 0 %[pj_hL-, Te£rO. 0 5 li%J5l±^lrt5 w h \z. J: V s ffi 

Sri. 2li%i UTV^flS, §| 3S5j£^<£I*1 JifiJ-^Sr^itl-S i N o. 

<5 o 
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4ti%*5J:t) ? 8lt 0 /o % S e = 0 . 0. 3 Ii°/oi3i^0 . 

N Se = 0©i:|, Te£0 % 0. 1211%, 0. 2 11i°/otf L 
fcl^No. 2 8 —No. 3 0 (C:j8tt5§l3i3&gm, ^tfh^tl 1 2 1 . 
4N/mm 2 N 150. 7N/mm 2 , 155. 5 N/mm 2 T? fo 9 , S 
e = 0 . 3£>£# N Te&0 s 0. 10H°/o, 0. 2 Hi%tf t 
fcWJfl-N o . 3 1 ~N o . 3 3 ^*5ttS§|§S9i^fi s Zrfh^ti 17 0. 
4N/mm 2 N 198. 7N/mm 2 , 2 0 0. 4 N/mm 2 36 9 S 
e = 0 . 6CD£#, Te£r0 N 0. 0 9li%, 0. 2 2lf°/otf U 
fcWWNo. 3 4 —No. 3 6\Z.£>i1r£3\mm&fe, ^tl^thl 5 4. 
lN/mm 2 , 198. 0N/mm\ 215. 8 N/m m 2 "C 9 , S 
e N T e^T^"4c0i§Jn^#V ,k 5l5S^S^[n]-iiL'lfe.o Zn = 4ll 

% (tWNo. 3 7— No. 45) . 8 1*% (fWN o . 4 6 —No 
. 5 4) <D*mX»i>. mm^S e = 0~?feT e^M<DmiJU^W?S\m. 
5S^cDIr]Ji^S e = 0 . 3M*%S:TJ«0. 6 iS%(7>#^^it;-<-r^^ 
V^S N S e = 0 . 3MM%RX^0. 6 fi* te, Se, T e ^*^* 

:■;©:)# tm£#v^l^3fiS3SfaJiL7h 0 r <z>r f£ll 2 £Hg*H, Te 
©ttt*Di> S e £>^3=r*£rif 1-r £ \z. £ 0 , J*aT?<Z>5l3R»*3JSgfi: 

#£*b-cv3 r. i ^r^i-^coT'fcSo m 3 5 Hici^i- £ 

^7 
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N/rara z 


No. 28 


121.4 


No. 29 


150.7 


No. 30 


155.5 


No. 31 


170.4 


No. 32 


198.7 


No. 33 


200.4 


No. 34 


154. 1 


No. 35 


198.0 


No. 36 


215.8 


No. 37 


117. 1 


No. 38 


161.1 


No. 39 


174.6 


No. 40 


144.2 


No. 41 


191.3 


No. 42 


206.9 


No. 43 


162.3 


No. 44 


200.7 


No. 45 


220.4 


No. 46 


120.5 


No. 47 


128. 1 


No. 48 


156.1 


No. 49 


155.0 


No. 50 


163.8 


No. 51 


196.9 


No. 52 


156.5 


No. 53 


187.0 


No. 54 


217.6 



0. 1 211%, 0. 2 llt%^lft§ri:IU!) s 100 
tT*tti?17 0. 4 N/mm 2 irlfcl&LT. -^tt^fr 1 8 0 . IN/ 
mm 2 N 194. 7N/mm 2 N 2 0 5. 6 N/mm 2 t 51 tf* ft-h 
1 5 0°CltZ3o\,>Thmm 1 4 9 . 4 N/mm 2 t^KtS i: 
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, ^^tll 5 7. 8N/mm 2 . 172. 0N/mm 2 s 184. 2N 
/mm 2 k §l3B3a£aS|tQJtLfco ^mfc^-CteT e £: IrHSK Z r 

o £ 0> £ £ j&> £> % Zr^t§f5i^ioT^ ^i&-? + #fc3l!B 

t e <D^mfemm.x»<D%\m&m%&mirz>z t&-v%, imas e 

* 8 







N/ram 2 


No. 55 


^ia(20°c) 


223. 1 


100°C 


170.4 


150°C 


149.4 


No. 56 


M;S(20°c) 


220. 6 


100°C 


180. 1 


150°C 


157.8 


No. 57 


M;&(20°c) 


225.3 


100°C 


194.7 


150°C 


172.0 


No. 58 


M;£(20°c) 


219.7 


100°C 


205.6 


150°C 


184.2 



« 9 
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urn 


fc^J&HMl (1 


Mfc : Si 


£%) 


C u 


Z n 


S n 


B i 


S e 


P b 


P (ppm) 


T e 


mm 


No. 59 


85.9 


8.28 


4. 36 


1.25 


0.20 


0.006 


193 






No. 60 


85.4 


8. 33 


4.19 


1.31 


0.19 


0.004 


188 


0.51 


CAC406 


No. 61 


84.6 


5.75 


4. 26 






5.38 


202 





3!fim*ft#i4* 2JHX#<*> 3 0 s mV-gLO. 2 mm/ r e v s §J&* 
3 . 0 mm, HI4E3c 1 8 0 0 r p m. ®WmM 17 0 m/m i n N SJgiJ 
K7-f TffTV^ fFffiteC AC 4 0 6 ©{SJglUfi^CS: lOOilfcit 

MlItt*iiifc=(CAC 4 0 6fl!)tDllll«SE«:)/(*«:3|B|'09Ifia«^)X 
10 0 

©$J8!H4it$C«:8 4 . 4, TelrO. 5 Mft9 5 

. ltfe!), Tempts: fcteJ:0«fflte#*«fcgfc#£;h,-T^ 



Urn 






No. 59 


84.4 




No. 60 


95.1 


CAC406 


No. 61 


100 



Cu-Sn-Zn-Bi-Se Zk1tm4t&<D&MkM$:'£As1£M1foW* A 
TfffiM7Z>mt LtT e S:^#bfcCu-S n-Zn-Bi-S e 

Cu-Sn — Zn — B i-Se ^#$l^:&$r^<— * WilJUytm t b 
T N P&0. 05~0. 0 9fi*%^^Lfc##3#£$Ji:, T e £r 0 . 1 
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^*H5Pb©ttltt, 0. 2fi*%E*T£U;fco 

3 o x:x-mm.^.-mwmjiK x *> mftv.tzL jis z 2 2 0 2 fc&je© 3 
wftjt £ b N «ife«n2:tt jis b 7 7 2 2 \^m^<D^^;u\f—mmn 
&m (300 j) *m^x?sotz. 0 *fc. &Mk\z.tix-s( j\ss*x&&mv 
„ HWtK&tom.*-* frizz y 1 0 otic#M, io»#u a-w 

line *K»>to^fifc^itt*^u, *i2i:, mm-v-f?* ( 

WUftNo. 6 4) ©f«II:10 0%J:lT, P&0. 0 5ii% (f* 
3|SfN o . 6 2) , 0 . 0 9 (1WN o . 6 3) "g-^T L ItttPr <Dffi 

mm. mmmitm) «r**i% &*5 X riit^No. 62~no. 64 





it*dUM (1 


m : S: 


1:%) 


C u 


2 n 


S n 


B i 


S e 


P b 


P 


T © 




No. 62 


86.90 


7.42 


3. 90 


1.28 


0. 15 


0. 20 


0.05 






No. 63 


86.70 


7.74 


3.90 


1.19 


0.15 


0. 19 


0.09 




ttltff 


No. 64 


86.80 


7. 66 


3. 80 


1.34 


0.16 


0. 18 


0.02 






No. 65 


86. 90 


7.72 


3.74 


1.26 


0.16 


0.20 


0.02 


0.10 




No. 66 


87. 00 


7. 54 


3. 87 


1. 18 


0.17 


0. 19 


0.02 


0. 21 




No. 67 


87. 00 


7.55 


3. 84 


1.23 


0.15 


0. 19 


0.02 





£fc si2 tc N ■mm^-^zf/^ (iwn o . 6 7) <Dmmm.% ioo 

%£LT % Te&O. llf°/o (»o. 65) N 0. 2111% ( 
fWNo. 6 6) -£^Vfc&n<Dffi&m.&^ir e Jfc*3 % itbibiWNo 
. 6 5~No. 6 7 (Of— $ %J?7 7 it Lfcb <D&M 9 Hfc^"f 0 
* 1 2 
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B i — P b^ilMfel 
®^Jtt^ (%) 






No. 62 


0.103 


126 




No. 63 


0.104 


273 


Vc»M 


No. 64 


0. 268 


100 




No. 65 


0. 052 


175 




No. 66 


0. 035 


248 




No. 67 


0. 212 


100 



f-^/M^Jfc^T 1 2 6 %[R]_Lb, P&0. 09ti%^tt?)h f 
^ft^^^^^/W^it^T 2 7 3 %ft_Lbfc 0 toT, P©-tlt# 

■§=fc N I9it*fj;9(^ Te^O. 1 ffi*%^-;f 1~£ £ . wmW. 
^Ifpfy^t^^Tl 7 5%Ir1±U % T e & 0 . 2 liiyotft 
St, flj^^^SpiJ-^^/WCtt^T 2 4 8 %m± VtCo ^oT, P <£> 

T 2 0 0 %. T e (D^^^^^)VX 2 12 % OUfSHittf) [*]_h £r^; Lfc 0 

•era:, m^-r^o 

t°>-^tra:, ^(£#/^#:£-r5 j&>£r£-#f-t-£ i>(o 

©^M«?* (f&^4 OOf) 1 0 m\^^ L> fill 0 
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1 0 m<D&%,%B.M^MfcgtVfami£ 1~3 fcl*3tt5 E DX^iM^ 

in 







C u 


Z n 


S n 


B i 


S o 


P b 


C r 


87.0 


7.78 


3. 53 


1.27 


0. 15 


0. 21 


0. 0055fe5H 



1 4 







C u 


Z n 


S n 


B i 


S e 


P b 


C r 




5. 63 


2. 39 


0. 50 


44. 31 


0. 18 


46. 98 


0.00 




2. 84 


0. 52 


0. 13 


96. 50 


0.01 


0.00 


0.00 


fi«3 


3.81 


45.66 


0. 15 


0. 00 


50. 27 


0.08 


0.02 



>^f^<D^ v fcTf^a^a*^ B i ^ P b te^Ri^ 1 lC*5V^T*#bTV> 
§ £ £^¥PJ L v ti4 i^fEDX^t^M^fjs BiiPb«: 
1 fc^V^^* lTBi-Pb2 TG^^fa^ Srf^o T 1^ 5 r 3&S$U 

5£fc: x P^O. 0 9 a*%"a;ir LfcfWN o . 6 3©iMt?X ( 
flff* 4 0 0§) ^^1 21(^1, 1 2 E©&JRj|&llfc^£&fc*5tt5# 

5ci^o-^^ tr^^fejK i" 3 enn^-f-o *fc s ffi 1 2 l<D^I»?Xt 
m 1 5 







i am®. : mm%) 


C u 


Z n 


S n 


B i 


S e 


P b 


P 


«tt1 


2.69 


45. 98 


0. 02 


0. 00 


51. 01 


0. 24 


0.06 




6. 28 


1. 15 


0. 06 


92.34 


0. 14 


0.00 


0.03 
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H3 m%.x$m 1 5 frbw bd»T»*>s £ 5 n 1 3 m^^-r^y tr 

$1 5l^fEDXmifM^^ P^Pbte^lt-fc^-Cm* 

Te^O. 2 1 m*%^*Ufc^;J|SfN o . 6 6^1tt?S 
({*^4 0 OffiF) 1 4@i^L v % 1 4 0©^IM?*|ifelt5 

$16 







1 (WoE : 11%) 


C u 


Z n 


S n 


B i 


S e 


P b 


T e 


mi 


3.40 


43. 72 


0.00 


4.22 


43.97 


0. 26 


4.43 




19.22 


1.70 


2. 24 


76.44 


0.40 


0. 00 


0.00 


W*3 


43. 05 


0.27 


0. 00 


10.76 


0. 38 


3. 16 


42. 37 


H£&4 


24. 08 


19.75 


0. 00 


2.40 


3. 56 


1.65 


48. 56 


M^5 


5.57 


0.67 


0. 15 


4.15 


0. 12 


53.27 


36.08 



V^*§*j5»& % Tei:Pblii«l, 3. 4. 5 fc*5^T*# LTV'' 3 
^ £ U «16 l^tEDX^IM^^ts T e £ P b f£_h 

B i -P b 2 7c5R#S*b^ffillfJt a * 8 «:?B9^'t"«*:»s 
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B i — P b 2 5£3B*A4&*B©4#£tt. EDXmf^^IIH 

^Spl^T^ (fWNo. 6 4) , P0. 0 5fi*%^-^ bfclWN 
o. 62, MPO. 0 9 fi*%^3T LfcfWN o . 6 3 <£>®3SJt^£ 

i~„ ft*3, ttTnittTPlrtf tfcf^OB i-Pb 27cl*f 0 fe 

^fpi^-V^/W (^No. 6 7) s TeO. 1 £*%-£^T Lfc 
WJfSfNo. 65, MTeO. 2 1 Lfc^N o . 66CI 

7 m^^-To MPTnilf HTTe Ir^Ltt^^B i - P b 2 

^1 2l^fj:5l^ TONo. 6 4) <DB i -P b 

fiOB^bt^te 0 . 2 6 8 %-efe«9. PSrtttfctf ©B i-Pbffi 
©BfUt^Wu P0. 0 5ii%tfT0. 10 3%, PO. 0 911 
%"MT-T?0. 10 4%-efcofCo **5 % ^;ft<bfWNo. 6 2~No. 

£fc, gl2 ^^"T J: 5 Kl, SUp^^A- (UWN o . 6 7) <DB i 
- P b *gffi^bb4M3: 0 . 2 12%Tfc«9, TeO. lli%t^0. 
0 5 2%, TeO. 2 lli%^tf 0. 0 3 5 o fc 0 n 

tlf>^No. 6 5~No. 6 7©f-? i Sr^7 7ftbt , b©%l9^ 

tS-i:^ B i-Pb|IOffiiJt$^0. 2%&Tfc#ifliy£*b-CV^ 
ii^SUfc. H*3(tB i-Pb 27G^*^feO^lr0. 

±lBLfcit&iHJfr«*i^ EDX^iM, WBi-P 
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b 2^%&$ e m<D%mft>^<nmfefrh, pwt e %^-rz> 

fl2*) s B i -P-b 2 7nm*ft4fc©»£5:*U*!)l'x £ <b ^ 

u59. 0 — 62. 0 lt% s S n 0 . 5 — 1 . 5 3t*%> B i 1 . 0 
— 2 . OS*%x SeO. 03 — 0. 2 0 11%, FeO. 05-0. 

2oii%, po. o5-o. i om*%©j*#*6H&'M r u mmto 

XfflUfE© #-8*1^2, Cu6 1. 0-63. 0fift%, S.nO. 3 — 0 
. 711%, Bil. 5 — 2. 5m*%s SeO. 0 3 — 0. 2 011 
FeO. 1 — 0. 3 011%, PO. 0 5 — 0. 10fi°/oOM 

&e>{^ _h 13 MM@\ fc*5 V^«, Te N P <£> ^JPtS* &;&n x. S £ t 
«t t) x ^^t*B.» I t , ^*3»tS B i - P b 2 7n&&tikto<D&&.&#iM't Z> 

•efcSO. 2li%J: «9 t>3C!2iiS< n t iz. X Y) #pf$l L T & v^ 0 

m^^B i -P b 27C^*^^©^^^r^^Ji-S- KlftTfcfctJ 
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r^*, m$kmn&, 

ffim^p H p, mMcU&, mmm&. 9—mm&. Kr^f n , pg 

i»is^^^p°p, ^s^^p b p, £iM§Bp B p, T^^^^a^^fp. 
fk2fls*#^»a^ *»SRia7K*asfii, ^Mxus-t^asa, ^ryv*\ 

it*. »i««J3£l$p n p, gfcStmpffflg&fi, ftt&IS&ftfrciB.. Htfcf\ ^ra 
p p p. *^Mp F pS:tJ?|a37:#:^^%jS< jg^X'^ So 
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1. ft«l<}iSVN(^^Lfcfti©B i, Pb£, 

2 . _h|B^*P7C^»^ T e ^ P N Zr x Ti N Co s I C a > B > 

3. _hlB$s2ra5cP?f 0. 0 1~2. 0 *b51f ^O^ffl 

Sisals 1 7%7bmm 3 ^ojsrtt^ nfifciB*tf>$«-g-£. 

5. JifB^S-a-^J-i. < £ Sn2. 8~6. Ofi*%. Zn 

1. 0-12. 0SA%^ BiO. 1~3. 0 fi*%£r-a^-f-51t^tf> 

6 . ±|BfllS^^«. < i: Sn2. 8 ~ 6 . 0 M* 0 /*^ Z n 

1. 0~12. 0fi*% N BiO. 1~2. 4fi*% % SeO. 0 5 ~ 
1 . 2li%^ft5»*©«a» 1 ^MJM^fafrj^ 1 ^^13 

7. JbfB^S-^^iC^-^tbS P b ©-g-^itt, 0. 2 5li%£(Tt' 
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l/l 3 



II' 




m 150 



0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 

Te^W» (11%) 



250 



m 150 1 

KB 



Te.se^mm&m&m (i5o°o 



Se=0 

Se=0.2 

Se=0.4 

Se=0.6 

Se=1.2 




0.05 0.1 

Te#W» (11%) 



WO 2004/090181 



PCT/JP2004/004757 



2/1 3 

K 3 E 



250 



Zn,Se f Te#«c!:§ISB5SJS (150°C) 



Zn=2,Se=0 

Zn=2,Se=0.3 

Zn=2,Se=0.6 




0.1 01.5 



0.2 



0.25 



CM 

£ 
E 



250 



200 



150 



100 



Zn f Se,Te£*r«<!:SI3S3fi£ (150°C) 



Zn=4,Se=0 

Zn=4,Se=0.3 

Zn=4,Se=0.6 




0.25 
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3/1 3 

SS5E 



_ 250 

£ 

\ 200 



m 
m 



150 



100 



Zn,Se,Te«rS<t3l3S3 


m (i5o°o 


Zn=8,Se=0 
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